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Description

[0001] The invention relates to a display device comprising a light guide, a movable element and selection means to
locally bring said movable element into contact with the light guide, said selection means comprising row and column
electrodes disposed at two opposing surfaces at either side of the movable element and means for applying addressing
voltages to the row and column electrodes for moving the movable element to and from the row and column electrodes.
[0002] A display device of the type mentioned in the opening paragraph is known from United States patent US
4,113,360.

[0003] In said patent, a description is given of a display device comprising a first plate of a fluorescent material, in
which, in operation, light is generated and trapped (so that this plate forms a light guide), a second plate which is situated
at some distance from the first plate and, between said two plates, a movable element in the form of a membrane. By
applying voltages to addressable electrodes on the first and second plates and to electrodes on the movable element,
the movable element can be locally brought into contact with the first plate, or the contact can be interrupted. A transparent
contact liquid is present on the contact surfaces. At locations where the movable element is in contact with the first plate,
light is decoupled from said first plate. This enables an image to be represented. If the movable element is not in contact
with the light guide, it is in contact with the second plate.

[0004] WO 97/31288 refers to an optical coupling switch and optical display employing an array of optical coupling
switches. The optical coupling switch includes a light storage plate that is adapted to set up conditions for total internal
reflection such that light injected into the plate is internally reflected. A light tap is disposed proximal to a coupling surface
of the light storage plate for coupling internally reflected light out of the light storage plate and into the light tap when the
light tap is brought into contact with the light storage plate coupling surface. The light tap is capable of movement in a
direction perpendicular to the light storage plate in response to an applied electrostatic force. The optical switch also
includes a scattering mechanism for scattering light in the light tap.

[0005] For the proper functioning of the display device, it is important that, on the one hand, the contact between the
light guide and the movable element can be brought about and interrupted in an accurate and reliable manner, but that,
on the other hand, the design is simple and does not require much energy to operate.

[0006] It is an object of the invention to provide a display device of the type mentioned in the opening paragraph,
which provides a simple and yet reliable device.

[0007] To achieve this, the display device in accordance with the invention is characterized in that the selection means
comprise means for applying voltages to the electrodes in dependence on a previously applied voltage or voltages on
the electrodes.

[0008] In the known device, the position of the movable element, i.e. whether or not it makes contact with the light
guide is dependent on the applied voltages, and on said voltages only. The inventors have realized that the fact whether
or not the movable element moves is dependent on the forces acting on the element. The forces acting on a movable
element are not only dependent on the applied voltages, but also on other forces acting on the element and on its position
vis-a-vis the electrodes. Said position is also dependent on the history of the element, i.e. previously applied voltages
and position. The electric forces acting on the movable element are non-linearly dependent on the distances between
the movable element and the electrodes. Because of the non-linear relationship between force and distance, the device
exhibits a memory effect. When the movable element is near one of the electrodes, only a relatively large voltage
difference between the electrodes can move the element to the other electrode. This, however, also means that once
amovable element s in a certain position, it will stay in such a position, even if the voltages applied are changed, provided
that they do not change to such a large degree that the movable element is moved to the other electrode. Since the
device exhibits a 'memory effect’, i.e. it is not only the momentary voltages applied which determine whether or not the
movable element moves, but this is also determined by previously applied voltages. Using this insight, one or a number
of advantages can be obtained. The device can be simplified, and/or the addressing voltages applied to the device can
be simplified and/or the energy required can be lowered and/or the reliability of the device can be increased. Also grey
levels can be made, as will be explained.

[0009] A preferred embodiment of the device in accordance with the invention is characterized in that the means for
applying addressing voltages apply, in operation, a first set of voltages having a lower and an upper value to a row
electrode, and a second set of voltages having a lower and an upper value to a column electrode crossing the row
electrode at a crossing area, the device being arranged in such a way that only simultaneous application of a lower value
to the row electrode and an upper value to the column electrode, or vice-versa, changes the position of the movable
element at the crossing area.

[0010] Alternatively, a preferred embodiment of the device in accordance with the invention is characterized in that
the means for applying voltages apply, in operation, a first set of voltages having a lower and an upper value to a column
electrode, and a second set of voltages having a lower and an upper value to a row electrode crossing the column
electrode at a crossing area, the device being arranged in such a way that only simultaneous application of a lower value
to the column electrode and an upper value to the row electrode, or vice-versa, changes the position of the movable
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element at the crossing area.

[0011] Inthese embodiments, application of an upper or lower value on one electrode (row or column) alone does not
actuate the movable element at the crossing area of the relevant row and column electrodes. Only simultaneous appli-
cation of a lower value on one of the electrodes, and an upper value on the other, or vice-versa, will actuate the element
at the crossing area. Actuating the movable elements becomes very reliable by this measure. Small deviations of applied
voltages do not inadvertently switch an element. Basically, only simultaneous application of two "on’ signals on row and
column electrode(s) will turn a pixel ‘on’ when it is 'off’, and simultaneous application of two ’off’ signals on row and
column electrode(s) will turn a pixel 'off’ when it is 'on’, as will be further explained in the description.

[0012] Preferably, the means for applying voltages apply, in operation, a turn-on addressing voltage to a row electrode,
while simultaneously applying addressing voltages to a number of column electrodes crossing said first electrodes to
bring the movable element in contact with the light guide at selected crossing areas of the row electrode, and subsequently
apply said turn-on addressing voltage to a second row electrode while, simultaneously applying addressing voltages to
a number of column electrodes crossing said first and second row electrodes to bring the movable element in contact
with the light guide at selected crossing areas of the second electrode, the voltage at the first row electrode being in
between the turn-on addressing voltage and a turn-off addressing voltage, such that the position of the movable elements
at the crossing areas of the first row electrode does not change.

[0013] Alternatively, the means for applying voltages apply, in operation, a turn-on addressing voltage to a first column
electrode, while simultaneously applying addressing voltages to a number of row electrodes crossing said first column
electrode to bring the movable element into contact with the light guide, at selected crossing areas of the first column
electrode and subsequently apply said turn-on voltage to a second column electrode, while simultaneously applying
voltages to a number of row electrodes crossing said first and second column electrode to bring the movable element
into contact with the light guide at selected crossing areas of the second column electrode, the voltage at the first column
electrode being in between the turn-on addressing voltage and a turn-off addressing voltage, such that the position of
the movable elements at the crossing areas of the first row electrode does not change.

[0014] A turn-on addressing voltage is understood to mean a voltage value which, when combined with a given (turn-
on) voltage at a crossing electrode, results in bringing the movable element into contact with the light guide at the crossing
area.

[0015] Likewise, a turn-off addressing voltage is understood to mean a voltage value which, when combined with a
given turn-off voltage at a crossing electrode, results in releasing the movable element from the light guide at the crossing
area.

[0016] These embodiments are based on the following recognition.

When the first row or column electrode is supplied with an ’on’ signal (turn-on voltage), and a set of crossing electrodes
is supplied with 'on’ and 'off’ signals ('off meaning 'not on’), only those pixels corresponding to areas where electrodes
cross and both carry ‘on’ signals will be turned 'on’. A first line of picture elements is thus formed.

[0017] This step is thereafter repeated for the second (row or column) electrode to form a line of picture elements.
However, the voltage at the first row or column electrode is brought to a value between the ‘on’ and an ’off value. This
means that the first line of picture elements remains visible, i.e. ‘'on’ and the information in said line is preserved. In its
simplest form, two lines of picture elements are formed in this manner. It will be clear that this scheme can be expanded
to more than 2 lines.

[0018] The great advantage is that, while the second (or third etc.) line of picture elements is formed, the first (second
etc.) line of picture elements remains 'on’. The total intensity of the light is thereby increased substantially in comparison
with arrangements in which (as, for instance, in classical CRTs) only one line of picture elements (or pixels) is activated
('on’) at any one time.

[0019] This allows multi-line operation, i.e. more than one line (multi-line) is simultaneously active. The lines of picture
elements (the video information) could be written in columns or rows. This also allows grey levels to be made.

[0020] Preferably, the means for selection supply, in operation, such a sequence of voltages that the percentage of
time during which a given row or column electrode is active is approximately (within roughly 50%) uniform for all row or
column electrodes, but does show a variation over the device, depending on the distance between the row or column
electrode and a nearest light input for the light guide, while the percentage of time during which a given row or column
electrodes is active increases as the distance to a nearest light input increases. Light guides show absorption of light.
This will cause a reduced uniformity of the light emitted by the display. By increasing the percentage of time during which
a row or column electrode is active, this effect can be counteracted to increase the uniformity in the image displayed by
the device.

[0021] A row or column electrode is active between the time when a turn-on voltage has been supplied to the row or
column electrode until a turn-off voltage has been supplied to said row or column electrode.

It is remarked that a display device is known from EP-A 867 854. In EP 867 854 a display device is disclosed in which
actuators having piezo-electric shape-retaining layers are used to make and break contact with a light guide. The
actuators are provided with a pattern of spiralling electrodes. The hysteresis characteristics of the piezo-electric layers
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provide for a memory effect.

[0022] These and other aspects of the invention are apparent from and will be elucidated with reference to the em-
bodiments described hereinafter.

[0023] In the drawings:

Fig. 1 is a cross-sectional view of a display device in accordance with the invention;

Fig. 2 shows a detail of the display device shown in Fig. 1.

Figs. 3A and 3B show further details of the embodiments of the display device shown in Fig. 1.

Fig. 4 is a plan view of the display device shown in Fig. 1.

Fig. 5A and 5B show embodiments of the display device in accordance with the invention.

Figs. 6A and 6B illustrate schematically the memory effect in a device according to an embodiment of the invention
and how it is used.

Figs. 7A and 7B illustrate schematically the memory effect in a device according to another embodiment of the
invention.

Fig. 8 shows graphically the position of a movable element of Fig. 7 to further illustrate the memory effect.

Figure 9 shows schematically the matrix structure used to form an image.

Figure 10 illustrates schematically a possible addressing scheme to generate grey levels.

[0024] The Figures are schematic and not drawn to scale, and, in general, like reference numerals refer to like parts.
[0025] Fig. 1 schematically shows a display device 1 in accordance with the invention. Said display device comprises
a light guide 2, a movable element 3 and a second plate 4. Electrode systems 5 and 6 are arranged, respectively, on
the facing surfaces of the light guide 2 and of the second plate 4 facing the movable element 3. In this example, the light
guide is formed by a light-guiding plate. The electrodes 5 and 6 form two sets of electrodes which cross each other at
an angle of preferably 90°. By locally generating a potential difference between the electrodes 5, 6 and the movable
element 3, by applying, in operation, electric voltages to the electrodes and the movable element, forces are locally
exerted on the movable element, which pull the movable element against the light guide or against plate 4. The display
device further comprises a light source 9 and a reflector 10. Light guide 2 has a light input 11 in which light generated
by the lamp is coupled into the light guide 2. The lamp may emit white light, or light of any color, depending on the device.
It is also possible that more than two lights are present, for instance, a lamp on two sides or on each side of the device.
It is also possible to use lamps of different colors sequentially to form a white light display. The light travels inside the
light guide and, due to internal reflection, cannot escape from it, unless the situation as shown in Figure 2 occurs. Fig.
2 shows the movable element 3 lying against the light guide 2. In this state, a part of the light enters the movable element.
This movable element scatters the light, so that it leaves the display device. The light can exit at both sides or at one
side. In Fig. 2, this is indicated by means of arrows. In embodiments, the display device comprises color-determining
elements 20. These elements may be, for example, color filter elements allowing light of a specific color (red, green,
blue, etc.) to pass. In a preferred embodiment, a UV lamp is used and UV light is fed into the light guide and leaves the
light guide and is incident on phosphor elements. The phosphor elements excited by the UV light emit colored light. The
use of UV light and phosphor elements increases the efficiency of the display device.

[0026] Fig. 3A shows a further detail of the display device shown in Fig. 1. The movable element 3 is positioned
between the light guide 2 and the second plate 4 by means of sets of spacers 12 and 13. Electrodes 5 and 6 are covered
by insulating layers 10 and 11 in order to preclude direct electric contact between the movable element 3 and the
electrodes. By applying voltages to the electrodes and the movable element, an electric force F is generated which
presses the movable element against the electrode 5 on the light guide 2. The electrode 5 is transparent. The contact
between the movable element and the light guide causes light to leave the light guide and enter the movable element
at the location of the contact. In the movable element, the light is scattered and part of it leaves the display device via
the transparent electrode 5 and the light guide 2 and a part leaves through plate 4. If non-transparent electrodes are
used, as shown in Fig. 3B, these electrodes should be provided next to the location where the optical contact between
the light guide 2 and the movable element 3 is brought about. It is also possible to use one set of transparent electrodes,
the other being reflective, which increases the light output in one direction. In Fig. 3B, an embodiment comprising two
electrodes is shown. This has the drawback that more electrodes must be manufactured, thus causing an increase in
costs and a greater risk of picture errors. The use of only one of the electrodes shown has the disadvantage that each
of these electrodes must generate a larger force, requiring higher voltages, and the force is exerted asymmetrically.
[0027] Fig. 4 is a plan view of an embodiment of the display device shown in Fig. 1.

[0028] The electrodes 5 and 6 form a matrix structure. From a control unit 17, which comprises selection means,
selection signals (electric voltages) are supplied to the electrodes 5 and 6 via the connections 15 and 16. This set of
selection signals determines the set of potentials V5 and Vg on the electrodes 5 and 6, which are preferably covered by
an insulation layer. Furthermore, a voltage V5 can be applied to the element 3. By applying suitable potential differences
to the electrodes 5 and 6 and element 3, the movable element can be actuated, in operation, from and to the electrodes
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5 and 6 at the location of the selected crossings of the electrodes 5 and 6. Electrodes 5 form column electrodes, i.e.
electrodes extending in the ‘short’ direction of the rectangular display, while electrodes 6 form the row or line electrodes,
i.e. electrodes extending in the ’long’ direction of the rectangular display.

[0029] Figures 5A and 5B show in more detail a part of the device shown in Figure 3A.

[0030] The force which is locally exerted on the movable element by a potential difference between the electrodes
and the movable element is governed by the potential differences, the distances between the electrodes and the movable
element and the size of the surface area of the electrodes. The movable element can be actuated by these forces. The
electrostatic force F which occurs between two electrodes (or between an electrode and the movable element) is, in the
absence of static charges, approximately:

F = 172eo(V/(d + Tdi/e;))*.S

where F is the force, V is the potential difference between the element 3 and an electrode 5 or 6, d is the distance
between the outer, facing surfaces of the element 3 and the electrodes 5 or 6 and d; is the thickness of any layer (e.g.
layers 51, 52, 53, 54 in Figure 5A) on the electrodes and/or element 3, ¢; is the dielectric constant for such a layer and
S is the surface area of the electrodes. In the absence of other forces, switching voltages of the order of 10 to 100 V
can be used to switch the movable element, i.e. cause it to locally make contact with the light guide or interrupt the
contact with the light guide.

[0031] Actually, two electro-static forces are acting on each element, one force (force F,) being dependent, amongst
others, on the difference in potential between element 3 and electrode 5 and the distance between element 3 and
electrode 5 (V3-V5), and one force (F,) being dependent on the difference in potential between element 3 and electrode
6 (V3-Vg) and the distance between element 3 and electrode 6.

[0032] The total electrostatic force acting on element 3 in Figure 5A is:

Fiow=Fi -F>=

C((Vz-Vs)z/(dsz/Ssz + ds3/853)2 - (Vs‘Vs)z/(d + dsi/es) + d54/€54)2)

where C is a constant.

[0033] Depending on the total magnitude and direction of the electrostatic force, the element 3 will be actuated or not,
i.e. move or not. The total electrostatic force acting on movable element 3 will change sign (thus changing from a force
directed towards the element to a repulsive force) when

(V3-VsY/(dsfesy + dsiless)” = (V3-Ve)(d + dsi/es) + dsafess)’

In the absence of other forces(e.g. elastic forces) in the situation depicted in Figure 5 V3-Vg must be larger than V3-Vg
(by afactor (d + dsq/e5q + dsaless)2/(dso/e5, + ds3less)? to actuate the movable element. Likewise, when movable element
3 is in an upward position, i.e. close to electrode 6, V3-Vs must be a factor (d + dsy/es, + dssless)? /(dsq/esq + dzalesg)?
larger than V3-Vg to move the element. This means that the fact whether or not the movable element 3 is actuated will
not only be dependent on the voltages applied, but also on the position of the movable element vis-a-vis the electrodes,
and said position is dependent on previously applied voltages, i.e. the history of the element. Thus a memory effect
occurs. Figure 5B shows an embodiment in which layers 51 and 52 are not present.

[0034] The invention is based on the recognition that this memory effect is present.

[0035] Figures 6A and 6B illustrate the memory effect. Figure 6A shows that, at t=0, movable element 3 is close to
electrode 6, separated by a distance d, from said electrode 6. No light will leave the movable element, i.e. the pixel is
‘off’. The movable element is separated from electrode 5 over a relatively large distance d, + d3 Att=t,, a pulse is applied
to electrodes 5 and 6, reducing the difference in voltage between movable element 3 and electrode 6 and increasing
the voltage difference between movable element 3 and electrode 5. This pulse is such that d4/eq x(V3-Vg)>(ds + da/es)
x (V3-Vs).

[0036] This will cause the movable element to move into a position as shown at the right hand side of Figure 6. The
movable element is in contact with plate 2 and thus light is extracted from the light guide and scattered, or in other words,
the relevant pixel of the display is 'on’. Att,<t<t,, the voltages at the electrodes can be maintained at 0, while the position



10

15

20

25

30

35

40

45

50

55

EP 1 055 217 B1

of the element is maintained as it was after the pulse at t;. Although no voltages are applied to electrodes 5 and 6, the
pixel thus remains ’on’. A pulse at time t, reducing the difference in voltages between the electrode 5 and movable
element 3 and increasing the voltage difference between electrode 6 and movable element 3 will bring the movable
element back to its original position, turning the pixel 'off’ . Figure 6B shows an important aspect of the memory effect.
In this Figure, at t=t;, a pulse is given on electrode 6 which reduces the voltage difference between element 3 and
electrode 6. No pulse is given on electrode 5. However, the reduction in voltage difference V3-Vg is not big enough to
move the movable element. The relevant pixel will therefore stay 'off’. At t=t;, a negative pulse is given to Vg. Again,
however, the applied voltages will not cause the element to be moved, so the relevant pixel will stay 'off. Hence, only
the simultaneous application of an ’on’ pulse on both electrodes 5 and 6 will switch the element at the crossing to an
‘on’ position.

[0037] Figures 7A and 7B show schematically another embodiment of the invention. In this embodiment, movable
element 71 is formed of or by a flexible element, which is either conducting and in electrical contact with electrodes 6,
or is provided with electrodes 6 on its surface 72 facing electrodes 5. In this embodiment, ‘movable’ means that the
element may increase in thickness. At t=0, the voltage difference V4-V5 (Fig. 7A) is applied The voltage difference has
such a magnitude that the attractive electrostatic force is balanced by a counter-elastic force. This elastic force is
dependent on the elongation Ax.

[0038] Thus an electrostatic force F, attracts surface 72 towards electrode 5, whereas a counteracting elastic force
F, retracts the surface 72 in the opposite direction. Due to the fact that the force F, is non-linearly dependent on the
elongation Ax, a memory effect can be obtained.

[0039] At t=0, the voltage difference Vg-V5 equals such a value (V) that the movable element exhibits a small elon-
gation, but is separated from the insulating layer 61. The pixel is thus "off’. At t=t,, a large pulse Vp is applied between
electrodes 5 and 6. The electrostatic force is thereby increased so that the movable element is elongated and surface
72 touches layer 62 so that the pixel is ‘on’. Even though the voltage difference is thereafter (t;<t<t,) reduced to the
original value Vg, the movable element stays in the 'elongated’, i.e. 'on’ status. When, at t=t,, a reduced voltage pulse
Vp' is applied, the elastic force becomes larger than the attractive electrostatic force and the movable element is brought
back to its original position. The movable element thus shows a memory effect, because the position of the movable
element is not only dependent on the actual value of the voltage between the electrodes, but also on previously applied
voltages. Figure 7B illustrates the situation in which, at t=t;, a pulse is given only to electrode 6 so that the voltage is
increased to Vp’, which value is larger than Vg but smaller than Vp. In between t=t, and t=t,, two pulses can be applied
to electrode 5, namely a positive pulse which reduces the voltage difference to V" and a negative pulse which increases
the voltage difference to Vp’. The Figure shows on the left-hand side that Vg in this embodiment has three different
values, an upper value (Vg,), a middle value (Vg,,) and a lower value (V). Likewise, Vs in this embodiment has three
different values, an upper value (Vs,,), a middle value (Vs,,) and a lower value (Vg).

[0040] Figure 8 illustrates the memory effect by means of a graph in which the forces F, and F, are depicted as a
function of the elongation Ax and as a function of the applied voltages (for force F). The Figure shows that force F, is
linearly dependent on the elongation Ax, and the electrostatic force is non-linearly dependent on the elongation Ax. It is
this non-linearly dependency which allows a memory effect. When F, is larger than F,, the element will be elongated
and surface 72 will move towards the electrode 5, when F, is smaller than F,, the surface 72 will move away from
electrodes 5. As Figure 8 shows for V=V, the electrostatic force F, is larger than the elastic force for all values of Ax.
This means that the electrostatic force will always win and the elongation will increase until the movable element is in
contact with layer 62, depicted by point B in Figure 8, so that applying such a high voltage difference always turns the
pixel 'on’. A small voltage difference V' means that the electrostatic force is always smaller than the elastic force except
for a very small elongation depicted by A’ in Figure 8. Applying such a voltage difference therefore always turns the pixel
'off'. For voltage differences <V,,, the situation is as follows. If the pixel is in the "off' position, it will stay "off. At most, the
elongation will slightly increase to the situation depicted by A’, or decrease slightly, but the elongation will not increase
to point B. If the pixel is 'on’ (point B in Figure 8), the pixel will stay 'on’ as long as V>V’ since in these conditions the
electrostatic force is always larger than the elastic force. Therefore, the position of the movable element is not only
dependent on the applied voltages per se but also on the position of the movable element and hence on previously
applied voltages. In a device according to the invention, the selection means comprise means for applying voltages to
the electrodes in dependence on a previously applied voltage or voltages on the electrodes.

[0041] Table 1 indicates the values for the voltage difference as a function of the voltages applied to electrode 5 (V)
and electrodes 6 (Vg) and the action which will follow (pixel is turned on or off). This table holds for both embodiments
shown in Figures 6A, 6B and 7A, 7B.

Table 1: Voltage difference Vg - V5 as a function of voltages applied to electrodes 5 and 6

voltages appliedto 5 | Vg=Vg, V5= Vg, V5=V
and 6 ‘off-signal’ ’hold-signal’ ‘on-signal’
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(continued)

V6=V6h VS Vp’ Vp

‘on-signal’ no action no action pixel turned 'on’
Ve=Vem V" Vg S

’hold-signal’ no action no action no action
Ve=Veg4 V' N Vg

‘off-signal’ pixel turned 'off no action no action

Table 1 makes it clear that no action occurs if either Vg or Vg is Vg, Vg, respectively, i.e. a’hold-signal’ is given to both
electrodes. Simultaneous application of ‘on-signals’ will turn a pixel on, while simultaneous application of ’off-signals’
will turn a pixel off. As far as the actions are concerned, the table can be simplified to table 2 below (note that this also
means that, instead of three different voltages being applied to electrodes 5, only 2 different voltages Vg, and Vs, can
be applied to the electrodes 5 with the same results):

Table 2: Voltage difference Vg - V5 as a function of voltages applied to electrodes 5and 6

voltages applied to 5and 6 | V5=Vg, V5=Vg
V6=V6h VS Vp

no action pixel turned 'on’
V6=V6m Vpll! Vpll

no action no action
V6=V6| Vp’ VS

pixel turned 'off no action

Table 2 shows that, when Vg=Vg,,,, the status of the pixel is preserved, whatever the value for V5. Pixels which are ’off
stay 'off’ and pixels which are 'on’ stay on’. For the rest of the description, Vg,,, will be described as Vg, g, i.€. the value
for which the status of each pixel is held, i.e. not changed, Vg, will be described as Vg, i.e. the value for Vg for which
a pixel could be turned 'on’, provided the value for Vg is Vg, and Vg, will be described as Vg, i.€. the value for Vg for
which a pixel could be turned ’off’, provided the value for V5 is Vg,.

[0042] Since the scheme in table 2 is simpler than that shown in table 1, it illustrates a preferred embodiment of the
invention, namely one in which one of the sets of voltages has only two values, a lower and an upper value (although
in practice, small deviations may of course occur in the supplied voltages) and the other set comprises three values, a
lower, a middle and an upper value.

[0043] An important aspect of the memory effect as explained above is that multi-line addressing can be applied.
[0044] Figure 9 illustrates schematically multi-line addressing.

[0045] At t=0, all values for Vg are made equal to Vg and all values Vg are made equal to Vg. At all crossings of
the electrodes, i.e. at all picture elements, the movable element will not be in contact with the light guide. Thus, no light
is emitted. At t=t;, the voltage on the top row electrode, i.e. Vg, is changed to Vg, Video signals are applied to the
column electrodes Vg, V5, V5" etc. Some column electrodes are supplied with ’on’ voltages Vg (Vs,,,), While others are
supplied with ’off voltages Vs, (Vsqs). At the crossing areas of the column electrodes supplied with Vg, with the top row
electrode, the movable element will be brought into contact with the light guide and light will be scattered. At the other
crossing areas no light will be emitted. Subsequently, the second of the top row electrode (V') is supplied with voltage
Veon» While the voltage on the top row electrode is changed to Vg, 4- The column electrodes are supplied with video
information corresponding to the second line of the image. This second line of picture elements is formed, while the
pixels of the first line that were switched on are still emitting light. Next, the third row electrode is made ’active’, i.e.
supplied with Vg, while the first and second row electrodes are held at a voltage Vg4, i-€. remain active. In the further
description, the process in which information is written on a line is referred to as 'made active’, ’activation’ or ’switching’,
when a line has been activated and, until it is blanked, such a line is referred to as 'active’. When the third line of picture
elements is formed (made active), the first two lines are still emitting (active). In a simple scheme, this process is repeated
until N lines are written, one of the N lines is blanked and an N+1 line is switched, whereafter another one of the N lines
is blanked and an N+2 line is switched. Although, in this example, the image is formed line by line and the lines are
activated, going from top to bottom, it will be clear that any sequence of activation of the lines may be used. For instance,
sequences wherein subsequently the 1st, 6th, 11th 2nd 7th 12th |ings etc. are activated are possible. This is done by
supplying an ’off voltage to the electrode corresponding to said line and at the same time supplying 'off’ signals to all
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electrodes crossing said electrode.

[0046] Grey scales in the picture elements can be made by regulating the percentage of time each crossing area is
emitting light (duty cycle modulation).

[0047] Although a number or even all lines may be active for some time, only one line may be switched (being made
active or blanked) at any one time.

[0048] Figure 10 illustrates this. The zigzag line at the upper half of the Figure illustrates the voltages being supplied
to a first line. At t=0, a voltage V,,,, is supplied to a row electrode 6. This will activate the line corresponding to said row
electrode. Simultaneously, video information (i.e. voltages V, for those crossing areas where the pixel is to be turned
on) are supplied to the column electrodes crossing said electrode. At t=t,, the electrode is supplied with a voltage V
and simultaneously all electrodes crossing the electrode are supplied with a voltage V. This will blank the line. This
blanking takes time t . After a short waiting time 1, the line is activated again. The video information can then be changed
for each electrode crossing the relevant line electrode. Thus, the first time the pixel can be one, the second time 2t off,
the third time 4t on, etc. For an 8-bit grey scale, a complete cycle comprises, for instance, 8 sub-periods of lengths 2,
4, 8, 16, 32, 64 and 128t, two sub-periods being separated by an "off-on" sequence taking 15 + 14 + t5. The total time
each cycle takes is then (1+2+4+8+1(+32+64+128) (=255) 1+ 8(214 + 14). Since, at any one time, only one line may be
switched (activated or deactivated), 8(2t4 + 14) must be smaller than the line time.

[0049] The lower half of Figure 10 indicates, by means of time slots for a first electrode 1, a second electrode 2 and
a third electrode 3, two different schemes of supplying voltages to the three electrodes. These schemes for 3 active
lines, indicated by arrows, show that there are some time periods between a (activation) and d (deactivation). At these
time periods, no line is switched.

[0050] Absorption of light occurs in the light guide. By regulating time 14 or the time periods indicated by the arrows,
it is possible to regulate the percentage of time that a line is active. In a preferred embodiment of the invention, the time
14 and/or the number of time periods indicated by the arrows are larger than at some distance of the light input. In this
manner the percentage of time that light is emitted near a light input is less distant from the light input. Since, however,
due to absorption in the light guide, the intensity of the light is greatest near the light input, a better uniformity is obtainable.
[0051] Summary, the invention may be described as follows.

[0052] Adisplay device has row (5) and column (6) electrodes and a movable element (3) and means (17) for supplying
voltages to the electrodes. The means supply, in operation, such voltages (Vsq,, Vst Veon: Veoft Venold) t0 the electrodes
that use is made of the memory effect of the movable element. More in particular, the electrodes are, in operation,
supplied with "on" (V5q,, Veon), "off" (Vsgsr, Veorr) @nd "hold” voltages (Vgneig)- Simultaneous application of "on" voltages
turns a pixel on at the crossing area of the relevant electrodes, while simultaneous application of "off" voltages turns a
pixel off. Application of a "hold" voltage on either of the electrodes preserves the state of the pixel. Multi-line addressing
of the display device is thereby possible. An important aspect is that grey levels can be made.

[0053] It will be obvious many variations are possible that within the scope of the invention without departing from the
scope of the appended claims.

Claims
1. A display device comprising

a light guide (2),

a movable element (3) and

selection means to locally bring said movable element (3) into contact with the light guide (2), said selection
means comprising

row and column electrodes (5,6), arranged, respectively, on facing surfaces, facing the outer surfaces of
the movable element (3) , and

means for applying voltages (V5,Vg) to the row and column electrodes (5,6) in dependence on a previously
applied voltage or voltages (V5,Vg) on the electrodes (5,6);

characterized in that

the selection means comprises means for applying selected sets of voltages Vg, Vg, ; Vs, Vg to the row and
column electrodes (5,6) for actuating the movable element from and to the row and column electrodes (5,6) at
the location of selected crossings of the row and column electrodes (5,6) .

2. Adisplay device as claimed in claim 1,
wherein
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the means for applying voltages (Vs,Vg) applies, in operation,

- a first set of voltages (V5,Vg) having a lower (Vg,Vg) and an upper value (Vs,,Vgy,) to a row electrode, and

- a second set of voltages (V5,Vg) having a lower (Vg,Vg) and an upper value (Vs,, Vi) to a column electrode
crossing the row electrode at a crossing area, the device being arranged in such a way that only simultaneous
application of a lower value to the row electrode and an upper value to the column electrode, or vice-versa,
changes the position of the movable element (3) by changing the distance to the row and column electrode
(5,6) at the crossing area.

3. Addisplay device as claimed in claim 1,

wherein
the means for applying voltages (Vs,Vg) applies in operation,

- afirst set of voltages (V5,Vg) having a lower (V5),Vg)) and an upper value (Vs;,, V) to a column electrode, and
- a second set of voltages (V5,Vg) having a lower (V5,Vg) and an upper value (Vg,,Vg),) to a row electrode
crossing the column electrode at a crossing area,

- the device being arranged in such a way that only simultaneous application of a lower value to the column
electrode and an upper value to the row electrode, or vice-versa, changes the position of the movable element
(3) by changing the distance to the row and column electrode (5,6) at the crossing area.

A display device as claimed in claim 2 or 3,

wherein

one of the sets of voltages (V5,Vg) is constituted by a lower (Vg, Vi) and an upper value (Vs,,Vgy), the other set of
voltages (V5,Vg) being constituted by an upper (Vs,, V), @ middle (Vg Ve,,) and a lower value (Vg),Vg)).

A device as claimed in claim 2,3 or 4,
wherein
the means for applying voltages (V5,Vg) applies, in operation,

- a turn-on voltage to a first row electrode while simultaneously applying voltages (V5,Vg) to column electrodes
(5,6) crossing said first row electrode to bring the movable element (3) into contact with the light guide (2) at
selected crossing areas of the first row electrode, and

- subsequently applies the turn-on voltage to a second row electrode, while simultaneously applies voltages
(V5,Vg) to said column electrodes (5,6) to bring the movable element (3) in contact with the light guide (2) at
selected crossing areas of the second row electrode,

- the voltage at the first column electrode having such a value that the movable elements (3) at the crossing
areas of the first row electrode do not detach from the light guide (2).

6. A device as claimed in claim 2,3 or 4,

wherein
the means for applying voltages (Vs,Vg) applies, in operation,

- a turn-on voltage to a first column electrode while simultaneously applying voltages (Vs,Vg) to row electrodes
(5,6) crossing said first column electrode to bring the movable element (3) into contact with the light guide (2),
at selected crossing areas of the first column electrode and

- subsequently applies the said turn-on voltage to a second column electrode while simultaneously applying
voltages (V5,Vg) to said row electrodes (5,6) crossing said second column electrode to bring at selected crossing
areas at the second column electrode the movable element (3) into contact with the light guide (2),

- a hold voltage at the first column electrode having such a value that the movable elements(3) at the crossing
areas of the first column electrode do not detach from the light guide (2).

7. A device as claimed in any one of the preceding claims,

wherein

the means for selection supply, in operation, applies a sequence of voltages (Vs, V) to the row or column electrodes
(5,6) such that the percentage of time during which a given row or column electrode is active is varied in such way
that the percentage increases with an increasing distance between the relevant row and column electrode and a
light input into the light guide (2).
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Patentanspriiche

1.

Anzeigevorrichtung, umfassend:

einen Lichtleiter (2);

ein bewegliches Element (3); und

Auswahlmittel, um das bewegliche Element (3) ortlich in Berihrung mit dem Lichtleiter (2) zu bringen, wobei
die Auswahlmittel umfassen:

Zeilen- und Spaltenelektroden (5, 6), die jeweils an einander zugewandten Flachen angebracht sind, die
den AuRenflachen des beweglichen Elements (3) zugewandt sind, und

Mittel zum Anlegen von Spannungen (Vs, Vg) an die Zeilen- und Spaltenelektroden (5, 6) in Abhangigkeit
von einer vorher an die Elektroden (5, 6) angelegten Spannung oder Spannungen (Vs, Vg);

dadurch gekennzeichnet, dass:

die Auswahimittel Mittel zum Anlegen ausgewahlter Mengen von Spannungen Vg, Vg,; Vs, Vg an die
Zeilen- und Spaltenelektroden (5, 6) zum Bewegen des beweglichen Elements von und zu den Zeilen- und
Spaltenelektroden (5, 6) am Ort ausgewahlter Kreuzungen der Zeilen- und Spaltenelektroden (5, 6) um-
fassen.

2. Anzeigevorrichtung nach Anspruch 1, wobei:

die Mittel zum Anlegen von Spannungen (Vs, Vg) in Betrieb anlegen:
- eine erste Menge von Spannungen (Vs, Vg) mit einem unteren (Vs,, Vg) und einem oberen Wert (Vs,,,
Ven) an eine Zeilenelektrode, und
- eine zweite Menge von Spannungen (Vs, Vg) mit einem unteren (Vs,, Vi) und einem oberen Wert (Vs,,,
Vgn) an eine Spaltenelektrode, welche die Zeilenelektrode in einem Kreuzungsbereich kreuzt,
wobei die Vorrichtung auf eine solche Weise angeordnet ist, dass nur das gleichzeitige Anlegen eines unteren Werts
an die Zeilenelektrode und eines oberen Werts an die Spaltenelektrode oder umgekehrt die Lage des beweglichen
Elements (3) durch Andern des Abstands zu der Zeilen- und Spaltenelektrode (5, 6) im Kreuzungsbereich andert.
Anzeigevorrichtung nach Anspruch 1, wobei:
die Mittel zum Anlegen von Spannungen (Vs, Vi) in Betrieb:
- eine erste Menge von Spannungen (Vs, Vg) mit einem unteren (Vs,, Vg) und einem oberen Wert (V5,,,
Vgp) an eine Zeilenelektrode anlegen, und
- eine zweite Menge von Spannungen (Vs, V) mit einem unteren (Vg, Vg) und einem oberen Wert (Vg
Vgn) an eine Spaltenelektrode anlegen, welche die Zeilenelektrode in einem Kreuzungsbereich kreuzt,
wobei die Vorrichtung auf eine solche Weise angeordnet ist, dass nur das gleichzeitige Anlegen eines unteren Werts
an die Spaltenelektrode und eines oberen Werts an die Zeilenelektrode oder umgekehrt die Lage des beweglichen
Elements (3) durch Andern des Abstands zu der Zeilen- und Spaltenelektrode (5, 6) im Kreuzungsbereich andert.
Anzeigevorrichtung nach Anspruch 2 oder 3, wobei:
eine der Mengen von Spannungen (Vs, Vg) durch einen unteren (Vs,, Vi) und einen oberen Wert (Vs,, Vgp)
gebildet wird, wahrend die andere Menge von Spannungen (Vs, Vg) durch einen oberen (Vg,, Vg,), €inen
mittleren (Vs,,,, Vgm) und einen unteren Wert (Vy, V) gebildet wird.
Vorrichtung nach Anspruch 2, 3 oder 4, wobei:

die Mittel zum Anlegen von Spannungen (Vs, Vi) in Betrieb:

- eine Einschaltspannung an eine erste Zeilenelektrode anlegen, wahrend sie gleichzeitig Spannungen (Vs,
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Vg) an Spaltenelektroden (5, 6) anlegen, welche die erste Zeilenelektrode kreuzen, um das bewegliche
Element (3) in ausgewahlten Kreuzungsbereichen der ersten Zeilenelektrode in Beriihrung mit dem Licht-
leiter (2) zu bringen, und

- anschlieRend die Einschaltspannung an eine zweite Zeilenelektrode anlegen, wahrend sie gleichzeitig
Spannungen (Vg, Vg) an die Spaltenelektroden (5, 6) anlegen, um das bewegliche Element (3) in ausge-
wabhlten Kreuzungsbereichen der zweiten Zeilenelektrode in Beriihrung mit dem Lichtleiter (2) zu bringen,

wobei die Spannung an der ersten Spaltenelektrode einen solchen Wert hat, dass sich die beweglichen Elemente
(3) in den Kreuzungsbereichen der ersten Zeilenelektrode nicht vom Lichtleiter (2) I16sen.

6. Vorrichtung nach Anspruch 2, 3 oder 4, wobei:

die Mittel zum Anlegen von Spannungen (Vs, Vg) in Betrieb:

- eine Einschaltspannung an eine erste Spaltenelektrode anlegen, wahrend sie gleichzeitig Spannungen
(Vs, V) an Zeilenelektroden (5, 6) anlegen, welche die erste Spaltenelektrode kreuzen, um das bewegliche
Element (3) in ausgewahlten Kreuzungsbereichen der ersten Spaltenelektrode in Beriihrung mit dem Licht-
leiter (2) zu bringen, und

- anschliefend die Einschaltspannung an eine zweite Spaltenelektrode anlegen, wahrend sie gleichzeitig
Spannungen (Vs, Vg) an die Zeilenelektroden (5, 6) anlegen, welche die zweite Spaltenelektrode kreuzen,
um in ausgewahlten Kreuzungsbereichen an der zweiten Spaltenelektrode das bewegliche Element (3) in
Beriihrung mit dem Lichtleiter (2) zu bringen,

wobei eine Haltespannung an der ersten Spaltenelektrode einen solchen Wert hat, dass sich die beweglichen
Elemente (3) in den Kreuzungsbereichen der ersten Zeilenelektrode nicht vom Lichtleiter (2) 16sen.

Vorrichtung nach einem der vorhergehenden Anspruche, wobei:

die Mittel zur Auswahl in Betrieb eine Folge von Spannungen (V5, Vi) an die Zeilen- oder Spaltenelektroden
(5, 6) anlegen, so dass der Prozentsatz der Zeit, wahrend derer eine gegebene Zeilen- oder Spaltenelekirode
aktiv ist, auf eine solche Weise variiert wird, dass der Prozentsatz mit einer zunehmenden Entfernung zwischen
der betreffenden Zeilen- und Spaltenelektrode und einem Lichteingang in den Lichtleiter (2) zunimmt.

Revendications

Dispositif d’affichage comprenant

un guide de lumiére (2),

un élément mobile (3) et

des moyens de sélection pour amener localement ledit élément mobile (3) en contact avec le guide de lumiére (2),
lesdits moyens de sélection comprenant

des électrodes de rangée et de colonne (5, 6), agencées, respectivement, sur des surfaces se faisant face, orientées
vers les surfaces externes de I'élément mobile (3), et

des moyens pour appliquer des tensions (Vs, V) sur les électrodes de rangée et de colonne (5, 6) qui dépendent
de la tension ou des tensions (Vs, Vg) précédemment appliquées sur les électrodes (5, 6) ;

caractérisé en ce que

les moyens de sélection comprennent des moyens pour appliquer des ensembles de tensions Vg, Vgp,; Vsp, Vg
choisies aux électrodes de rangée et de colonne (5, 6) pour actionner I'’élément mobile depuis les électrodes de
rangée et de colonne (5, 6) et vers celles-ci a 'emplacement des croisements choisis des électrodes de rangée et
de colonne (5, 6).

Dispositif d’affichage selon la revendication 1,
dans lequel
les moyens destinés a appliquer les tensions (Vg, Vg) appliquent, en fonctionnement,

- un premier ensemble de tensions (V5, Vg) ayant une valeur inférieure (Vg), Vg) et une valeur supérieure (Vgy,

Vgn) @ une électrode de rangée, et
- un second ensemble de tensions (Vs, Vg) ayant une valeur inférieure (Vg Vi) et une valeur supérieure (Vs,,

11
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Ven) @ une électrode de colonne croisant I'électrode de rangée au niveau d’une zone de croisement,

- le dispositif étant congu de telle sorte que seule I'application simultanée d’une valeur inférieure a I'électrode
de rangée et d'une valeur supérieure a I'électrode de colonne, ou vice versa, change la position de I'élément
mobile (3) en changeant la distance jusqu’a I'électrode de rangée et de colonne (5, 6) au niveau de la zone de
croisement.

Dispositif d’affichage selon la revendication 1,
dans lequel
les moyens destinés a appliquer les tensions (Vs, Vi) appliquent, en fonctionnement,

- un premier ensemble de tensions (Vg, Vg) comprenant une valeur inférieure (Vg), Vg) et une valeur supérieure
(Vsh, Ven) @ une électrode de colonne, et

- un second ensemble de tensions (Vg, Vg) comprenant une valeur inférieure (Vg, Vi) et une valeur supérieure
(Vsh, Van) @ une électrode de rangée croisant I'électrode de colonne au niveau d’une zone de croisement,

- le dispositif étant congu de telle sorte que seule I'application simultanée d’une valeur inférieure a I'électrode
de colonne et d’une valeur supérieure a I'électrode de rangée, ou vice versa, change la position de I'élément
mobile (3) en changeant la distance jusqu’a I'électrode de rangée et de colonne (5, 6) au niveau de la zone de
croisement.

Dispositif d’affichage selon la revendication 2 ou 3,

dans lequel

'un des ensembles de tensions (Vs, Vi) est constitué par une valeur inférieure (Vs, V) et supérieure (Vsy, Vgp),
l'autre ensemble de tensions (Vs, Vg) étant constitué par une valeur supérieure (Vs,, Vgy,), une valeur intermédiaire
(Vsm» Vem) et une valeur inférieure (Vg Vg)).

Dispositif selon la revendication 2, 3 ou 4,
dans lequel
les moyens destinés a appliquer les tensions (Vs, Vi) appliquent, en fonctionnement,

- une tension d’activation a une premiére électrode de rangée tout en appliquant simultanément les tensions
(Vs, Vg) aux électrodes de colonne (5, 6) croisant ladite premiére électrode de rangée pour amener I'élément
mobile (3) en contact avec le guide de lumiéere (2) au niveau des zones de croisement choisies de la premiére
électrode de rangée, et

- appliquent par la suite la tension d’activation a une seconde électrode de rangée, tout en appliquant simulta-
nément les tensions (Vs, Vg) auxdites électrodes de colonne (5, 6) pour amener I'élément mobile (3) en contact
avec le guide de lumiére (2) au niveau des zones de croisement choisies de la seconde électrode de rangée, et
- la tension au niveau de la premiére électrode de colonne ayant une valeur telle que les éléments mobiles (3)
au niveau des zones de croisement de la premiére électrode de rangée ne se détachent pas du guide de lumiéere

).

Dispositif selon la revendication 2, 3 ou 4,
dans lequel
les moyens destinés a appliquer les tensions (V5, Vi) appliquent, en fonctionnement,

- une tension d’'activation a une premiére électrode de colonne tout en appliquant simultanément les tensions
(Vs, Vg) aux électrodes de rangée (5, 6) croisant ladite premiére électrode de colonne pour amener I'élément
mobile (3) en contact avec le guide de lumiére (2), au niveau des zones de croisement choisies de la premiére
électrode de colonne, et

- appliquent par la suite ladite tension d’activation a une seconde électrode de colonne, tout en appliquant
simultanément les tensions (Vs, Vg) auxdites électrodes de rangée (5, 6) croisant ladite seconde électrode de
colonne pour amener, au niveau des zones de croisement choisies au niveau de la seconde électrode de
colonne I'élément mobile (3) en contact avec le guide de lumiere (2),

- une tension d’attente au niveau de la premiére électrode de colonne ayant une valeur telle que les éléments
mobiles (3) au niveau des zones de croisement de la premiéere électrode de colonne ne se détachent pas du
guide de lumiére (2).

Dispositif selon I'une quelconque des revendications précédentes,
dans lequel
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les moyens destinés a la sélection appliquent, en fonctionnement, une séquence de tensions (Vg, Vg) aux électrodes
de rangée ou de colonne (5, 6) de sorte que le pourcentage de temps au cours duquel une électrode de rangée ou
de colonne donnée est active est modifié de telle sorte que le pourcentage augmente lorsque la distance augmente
entre I'électrode de rangée et de colonne concernée et lorsqu’une lumiére est entrée dans le guide de lumiére (2).
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